Delusion and Self-Deception in Science by Apostolica, Patricia et al.
 Delusion and Self-
Deception in Science 
  
 
  
  
   
  
  
  
3
rd
 semester 2015 
Bachelor of Natural Sciences, house 14.2 
 
  
  
  
Group 4 
Brigita Meskauskaite 
Patricia Alexandra Apostolica 
Sana Gull 
 
 
 Supervisor: Kornelius Zeth 
 
 
1 
 
Table of Contents 
 
Abstract .............................................................................................................................. 2 
Introduction ....................................................................................................................... 3 
Relation to the Semester Theme ................................................................................... 5 
Research Question .......................................................................................................... 6 
Methodology...................................................................................................................... 7 
Demarcation Criteria ............................................................................................. 7 
On Kuhn and the Position of Pathological Science in His Development Phase
 ................................................................................................................................ 9 
Ethical Norms of Scientific Research ............................................................... 12 
Hypothesis Testing ............................................................................................... 14 
Analysis ............................................................................................................................ 15 
The Case of N-Rays ............................................................................................ 15 
The Case of Polywater ........................................................................................ 18 
Competition in Science ......................................................................................... 22 
Mistakes and Errors .............................................................................................. 23 
Historical Point of View ......................................................................................... 24 
Psychological Point of View .................................................................................. 26 
Discussion ....................................................................................................................... 28 
Consequences ...................................................................................................... 28 
Prevention Mechanisms ........................................................................................ 30 
Conclusion....................................................................................................................... 32 
Appendix: ......................................................................................................................... 34 
References ....................................................................................................................... 36 
 
 
 
 
 
2 
 
 
Abstract 
This report is about delusion and self-deception, a variation of pathological science. 
We analyzed cases of polywater and N-rays from historical, political and 
geographical points of view and tried to allocate the reasons behind delusions and 
self-deception in these two cases, psychological point of views among others 
regarding reasons of delusions have also been discussed. And what were the costs 
to the scientists, who were involved in such cases. We used demarcation criteria and 
Thomas Kuhn‟s point of views, ethical norms of behavior and importance of a valid 
hypothesis in order to differentiate science from normal science. We also looked at 
the prevention mechanisms which seemed quite helpful to prevent such incidents 
from happening to some extent until now. 
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Introduction 
Scientific research is very dependent on social contact between scientists and 
collaboration between research groups, therefore it is very important that the 
information provided is trustworthy and misunderstandings are avoided. Of course, 
there will always be misunderstandings in science because sometimes in order to 
discover something new, scientists have to take a risk and check contrary theories. 
Unfortunately, there are many well known cases from the past that showed how 
some scientists experienced delusion and self-deception in their experiments that led 
to false discoveries and meaningless further investigations by other scientists. 
The term pathological science is the most known term describing ''pseudo-science'' 
(as it was called before) and was first introduced by the well-known scientist and 
Nobel Prize winner, Irving Langmuir in his talk about science abnormalities [1]. As 
there was no previous agreement on what to name this phenomena or what it 
covers, therefore Langmuir's term was applied to the scientific world. Langmuir 
described pathological science as “the science of things that aren‟t so”, using 
examples such as N-rays, mitogenetic rays, Davis-Barnes effect. He also 
distinguished 6 main aspects of pathological science: 
● The maximum effect that is observed is produced in barely detectable values. 
● Many measurements are necessary because of the very low statistical 
significance of the results. 
● Claims of great accuracy. 
● Fantastic theories contrary to experience. 
● Criticisms are met by ad hoc excuses. 
● Ratio of supporters to critics rises up to somewhere near 50% and then falls 
to forgetfulness. 
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Pathological science covers many different cases but our topic is Delusion and Self-
Deception which are defined by the Oxford dictionary as: 
● Delusion is an idiosyncratic belief or impression maintained despite being 
contradicted by reality or rational argument. 
● Self-Deception is the action or practice of allowing oneself to believe that a 
false or invalidated feeling, idea, or situation is true. 
Therefore we will be focusing only on those two aspects of pathological science. We 
have chosen to analyze the well-known cases of N-rays and polywater.  
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Relation to the Semester Theme 
 
The 3rd semester theme of RUC Bachelor program of Natural Science is:” via work 
with a representative example, to gain experience with the theoretical analysis of 
science as a historical, cultural and social phenomenon.” Our project discusses the 
reasons of delusion and self-deception in science, by analyzing relevant cases and 
looking at many different aspects of why it happened. The chosen cases will be 
studied by historical, social, geographical and ethical aspects which cover the 
semester theme requirements. 
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Research Question 
Our main question in this project is: 
 
What common principles of delusion and self-deception can be identified in 
the causes of the given examples? 
 
This question brings several more sub questions, which we will try to answer: 
● How can one distinguish pathological science from normal science? 
● What are the consequences of delusion and self-deception? 
● What is/was done in order to prevent and control misunderstandings in 
science and why it did not work? 
 
To answer the main research question we will analyze two cases, that could be 
found in the literature, by various aspects that could influence research, such as: 
political impact, history, social factors, geographical factors, etc.  
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Methodology 
Demarcation Criteria 
 
To see the difference between science and bad science we used demarcation 
criterion in our methodology. It is an action of applying a boundary line between 
science and bad science. 
To describe the difference between science and non-science is a controversial issue. 
It is still in the process of criticism and refinement. Many scientists and philosophers 
proposed their views to draw a line between science and pseudoscience. Logical 
positivists trained in natural science analyzed ways of obtaining and organizing 
knowledge in order to describe the difference between science and non-science. 
Different demarcation criteria exist according to the different views of the 
philosophers. Karl popper is one of the philosophers who proposed demarcation 
criteria specifically:[9] 
1. A theory must be incompatible with some observation. 
2. The criterion of the scientific status of a theory is its falsifiability, or refutability, 
testability. 
3. More failed attempts of falsification lead to more trustworthy results. 
 
Popper's demarcation criterion has been criticized for giving some pseudo sciences 
the status of being scientific and for excluding legitimate science. For example, 
astrology which is a pseudoscience has been tested and refuted.[9] 
Thomas Kuhn‟s demarcation criterion is based on the capability of puzzle-solving 
that he sees as an essential characteristic of normal science. His view of 
demarcation is most clearly expressed in his comparison of astronomy with 
astrology. For example, astronomy has been a puzzle-solving activity and therefore 
a science. If an astronomer's prediction failed then this was a puzzle that he could 
hope to solve, for instance with more measurements or with adjustments of the 
theory, whereas astrologer had no such puzzles to solve; this is why it is not science. 
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Karl Popper did not agree with Kuhn‟s demarcation criterion. According to Popper, 
astrologers are busy in puzzle solving so consequently, he recognizes astrology as 
science.[9] 
Paul Feyerabend said that science itself had no need of demarcation criterion,. While 
Paul R Thagard had opposite opinion. According to Thagard‟s method, a theory is 
non-scientific if it follows two sets of principles. 
1. The theory has not been showing any progress than alternative theories over 
a long period of time and has been facing many unsolved problems. 
2. The community of practitioners makes little attempt to develop the theory 
towards solutions to the problems, shows no concern for attempts to evaluate 
the theory in relation to others, and is selective in considering confirmations 
and disconfirmations. 
 
Larry Laudan concluded that philosophers have failed to present a criterion that 
distinguishes science from non-science. In his perception, demarcation between 
science and non-science was a pseudo problem that could be replaced by focusing 
on the distinction between reliable and unreliable knowledge whether it is scientific or 
not. Some disagreed with him and argued that there has to be one set of 
demarcation criterion and even some critics argued for multiple demarcation criterion 
and suggested that there should be a set of criterion for social sciences, another set 
for natural sciences and a set of pseudoscientific criterion could be proposed for the 
claims involving supernatural.[8] 
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On Kuhn and the Position of Pathological Science in 
His Development Phase 
 
Thomas S. Kuhn (1922-1996, American philosopher of science, historian and 
physicist)  managed to revolutionize the way in which science, especially its 
development, was perceived, with his book The Structure of the Scientific 
Revolutions, and according to him this progress is made in a succession of cycles: 
normal science (paradigm) → ( unsolved) anomalies → crisis → extraordinary 
research  → revolution → new normal science (...)[10][11]. 
 
 According to Kuhn, normal science is “research based firmly upon one or more past 
scientific achievements, achievements that some particular scientific community 
acknowledges for a time as supplying the foundation for its success”, therefore this 
type of science is determined by „a set of received beliefs, a paradigm‟ (Andersen, 
On Kuhn). The main aim of this research is not to come up with new theories or to 
bring to light new phenomena. But more like, as Kuhn named it, „puzzle-solving‟ or 
„mopping-up operations‟, as it mainly has a guaranteed solution and a set of 
established rules is followed. In case the solution for a research problem does not 
comply with the above criteria, then the normal science becomes an anomaly. This 
would be a moment that makes clear the difference between Kuhn‟s and Karl 
Popper‟s philosophy, as the scientists do not abandon the questioned theories, 
unless they have alternative ones. Also the method used by the scientists would not 
be one of falsifying, but one in which the theories are compared [11]. 
Further on, if the attempt to solve the anomalies is somehow prolonged and 
becomes severe, the scientist would tend to start questioning his work and face 
insecurities, entering a state which Kuhn presented as a crisis. At this point “more 
and more attention is devoted to it by more and more of the field‟s eminent men. If it 
still continues to resist, as it usually does not, many of them may come to view its 
solution as the subject matter of their discipline. For them the field will no longer look 
the same as it had earlier” [11]. All of this leads to an activity a bit different from the 
one found in normal science, activity labeled by Kuhn as “extraordinary science”.    
According to him there are three different ways in which a disagreement that 
appeared during a given crisis can finalize: 
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1. The solution to the respective problems is found in the old theory‟s structure, 
making the scientists return to normal science, restoring the form and the 
consensus of the theory previously used. 
2. The solution to the respective problems tends to resist the completely different 
new approaches, making the scientist stop trying and let future scientists try to 
approach it by using newly developed tools. Therefore going back to the 
previously established normal science. 
3. The solution to the respective problems is found gradually in time by the use 
of a new theory, which is supposed to be scrutinized leading to the 
development of a new consensus. This would be the moment when a 
scientific community is going through what Kuhn labeled as a ‘scientific 
revolution’ , a period described by a paradigm shift [11].   
  
In his view the scientific revolution “is far from a cumulative process, one achieved 
by an articulation or extension of the old paradigm. Rather a reconstruction of the 
field from new fundamentals, a reconstruction of the field‟s most elementary 
theoretical generalizations as well as many of its paradigm methods and 
applications”, and being in contrast with the normal science[11]. Also, according to 
him after a period of time, during which the scientific community reached a 
consensus regarding the new theories and after using them in research, then the 
scientific revolution itself becomes a new normal science [12]. 
 
Kuhn‟s Structure played an important role in how the sociology of science changed, 
leading to the development of science studies with the focus on how science is 
structured from an institutional point of view, how external factors  have an impact on 
it,        how the social factors played a role in the consequences that came out of the 
scientific disputes. According to the Kuhnian view the scientific communities are 
seen as the location where changes appear in science, and therefore based on the 
sociological studies the changes of a theory are seen as social changes[13]. 
 
Now the following questions might arise: What does this have to do with the term of 
pathological science? Can this type of science fit anywhere/does it play any role in 
Kuhn‟s cycle? etc…In order to figure these out we would  have to look over 
Langmuir‟s main aspects of pathological science together with Kuhn‟s cycle. Based 
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on those, it would seem to be more or less like a  normal science as in the 
experiments done, scientists have been  using the puzzle-solving method (the 
measurements done). It could be characterised by the beginning of a crisis , a 
breakthrough leading the scientists wanting, hoping more or less, to initiate a 
revolution, in other words it could be considered a potentially revolutionary science, 
which more or less washed out because of several reasons found in Langmuir‟s 
aspects [14]. 
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Ethical Norms of Scientific Research 
 
In order to distinguish pathological science from normal, ethical norms can be used. 
What is ethics? We can use Shamoo and Resnik‟s book Responsible Conduct of 
Research that talks about research ethics, and distinguish four main definitions of 
the term[4] : 
● ethics are the standards of conduct that distinguish between right and wrong, 
good and bad.  
● ethics is a discipline that studies standards of conduct. 
● ethics is an approach to the decision making. 
● ethics is a state of character. 
 
As ethics provides the main understanding how to do science, it still brings several 
concerns about it with the main concern- trust. The results provided by other 
scientists should sound trustful and provide all required information without mistakes 
and other scientists should treat others work with respect. As it was some centuries 
ago, when scientists kept their discoveries as a secret that others could not claim the 
result as their own, the problem was solved when publications were introduced into 
society. When the result is published it becomes available everybody. Later the peer 
review mechanism was introduced that became an essential part of research in 
order to publish fruitful and honest result. Making the result public also makes 
researchers to be aware of making mistakes and provide all necessary data in a 
proper matter. Not only scientists should trust each other, the society should trust 
scientists. The statistical data provided in UK shows that 90% of the society trust 
scientists that work in universities, however the percentage fall to 60%, when people 
are asked if they trust scientists working for industry, as they are more seen to work 
in order to make financial benefit to the company and not always to the customer or 
the society [3]. 
When trust is misplaced and professional standards of science are violated, it is not 
only a negative effect on research but it also  affects people's view towards science. 
 
The key ethical issues in research that have a negative impact into research and 
people's view towards it, are presented in the book On Being a Scientist: A Guide to 
Responsible Conduct in Research are [2] :    
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● Fabrication is making up data or the results. 
● Falsification is manipulating research materials, equipment, or processes, or 
changing or omitting data or results such that the research is not accurately 
represented in the research record. 
● Plagiarism is the appropriation of another person‟s ideas, processes, results, 
or words without giving appropriate credit. 
 
Those three aspects are considered as scientific misconduct and it is highly 
unethical and crucial mistakes made by scientists that could lead to pathological 
science. The desire to do good work is a human value therefore the confidence that 
standards of honesty and objectivity should be maintained. Current scientists should 
understand the importance to show a responsibility and high standards in science for 
students and fellow researchers as the teaching and regular communication makes a 
great impact into people's further decisions. Researchers must also be open to 
criticism and new ideas and continually test their own and other's ideas against new 
information and observations to make scientific progress. The main rules about 
being ethical in science you can find in the appendix, where part of a chapter from a 
book Responsible Conduct of Research is presented. 
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Hypothesis Testing 
Hypothesis is an essential tool in the research, that is a suggested solution for an 
unexplained occurrence that does not yet fit into current scientific theory. It is 
important in the research to have a hypothesis and correctly use it in order to prove 
or deny the phenomenon that is being examined. By introducing hypothesis, there is 
no predetermined outcome, therefore it has to be supported by experimentation or 
observation. It is also known that usually the research is followed by several 
hypotheses, that support the main one, therefore the rejection of one or more 
hypotheses is necessary in order to conclude the outcome of the research.  
By testing the hypothesis and evaluating the research critically we can conclude if 
the outcome of the research was satisfactory or not. Many scientists make a 
hypothesis that does not have a full theoretical framework, therefore the experiment 
could always face delusion and self-deception.  
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Analysis 
The Case of N-Rays 
 
Pathological science takes many forms from pseudoscience to junk science and to 
outright fraud. The story of N-rays is a story of self-deception ( a type of pathological 
science). In 1903 a highly respected physicist, Rene Prosper Blondlot, born in 
France, announced the discovery of a new radiation called N-rays when he was 
trying to polarize X-rays at Nancy University. Many scientists confirmed the 
existence of N-rays in their laboratories. 30 Papers were published confirming the 
discovery of new rays. These rays in fact caused sensation in the scientific 
community internationally. Blondlot claimed that N-rays exhibit impossible properties 
and are emitted by all substances except green wood and certain treated metals[7] 
 
German physicists were skeptical over the existence of N-rays. Heinrich Rubens, 
who was famous for his exploration of infrared radiations, thought that Blondlot 
claimed was impossible, a contradiction of Maxwell‟s theory, that even the longest 
wavelength infrared rays were blocked by aluminum foil thicker than one tenth of a 
millimeter. Despite of rejecting his claim by German scientists, researchers at Nancy 
never stopped believing in the existence of N-rays. The same year 1903, Augustin 
Charpentier, the respected professor of biophysics at Nancy, reported that muscles 
of frogs and rabbits gave off N-rays in abundance and he thought that N-rays might 
be used to produce images of the internal organs of patients ( Gratzer, 2000). 
 
Nature, an elite journal, also doubted the discovery of N-rays because scientists in 
Germany and England were unable to replicate Blondlot‟s results so they sent an 
american physicist, Robert W. Wood, to investigate the Blondlot‟s discovery. He got 
a warm welcome by Blondlot and his colleagues. He was fluent in French and 
German but he chose to speak German so he can secretly listen to the exchanges 
between experimenters. The first experiment they performed, reported by Wood‟s 
report in Nature, was to demonstrate the increase in brightness of a spark on which 
the N-rays source were focused by aluminum lens. When the experimenter 
interposed his hand between the source of the N-rays and the spark gap, the spark 
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was supposed to be dim and this was claimed by Blondlot, wrote Wood in his report. 
But he was unable to detect the slightest change, and was told by Blondlot's hosts 
that his eyes are not sensitive enough ( Gratzer, 2000). 
 
The diagram below shows the source of N-rays which is a lamp and when it is turned 
on it emits N-rays which pass through the prism (right next to the source) and are 
detected by the spark gap. Glass screen shown in the middle of diagram uses to 
block the N- rays in order to see the difference in brightness 
 
 
[18] 
Blondlot was well aware that observation of small intensity changes by eyes was a 
risky procedure so made efforts to eliminate subjectivity from the observations by 
using photographic plates to detect intensity changes. The intensity of the spark 
fluctuated quite widely perhaps 25% but Wood was not impressed because he did 
not believe that such obvious changes in intensity recorded by photographic plates 
would have not been apparent to eyes ( Gratzer, 2000). 
 
Wood suggested blind trials in which observer would not know whether the light 
source was or not exposed to N-rays in order to avoid unconscious bias. Blondlot 
became agree to perform blind trial experiment, after he had presented his planned 
experiment. Wood reported that Blondlot and his assistants were measuring N-rays 
and it was claimed that N-rays could be refracted by an aluminium prism, broken 
down into their components wavelengths. The source of N-rays was a lamp called 
nernst glower. The N-rays were passed through screens of aluminium foil, then a 
paper and finally through wood to ensure all other kind of radiations were eliminated. 
Then they traversed a slit in a wet cardboard screen to generate a narrow beam, and 
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were refracted by an aluminum prism and detected by a phosphorescent line 
mounted on a detector. The detector was moved around in order to record the 
angles at which brightness increased. These positions were supposed to correspond 
to the wavelength of the constituents of the N-rays spectrum. This experiment was 
the cause of Blondlot‟s failure, although Wood secretly removed the prism but 
Blondlot got the same results as with the presence of prism which was impossible. 
Wood did not stay there after this incident he came back and published account and 
claimed that N-rays were nothing but a delusion. 
 
Wood‟s letter in Nature caused panic in France. Blondlot responded in a letter to the 
Scientific American that Wood deceived him and abused his hospitality and 
professed that his bad German caused misunderstanding between Wood and him. 
He further claimed that the rays deflected by a prism stayed deflected when one 
removed the prism that is why they got the same results with and without the prism. 
Blondlot did not surrender, he kept on believing the existence of N- rays despite 
losing everything he had. N-rays became in fact a joke later on. 
 
This does not mean that Blondlot was incompetent. There could be several reasons 
that he allowed himself to be deceived by his own hands. Psychological issue might 
be one of them because he believed that N-rays exist until he died.  He might has 
been under social or political pressure because Germans and British were getting 
enormous success in physics and chemistry which was a shame for a Frenchman 
because of the conflicts among these countries. One more reason we came across 
is that his assistants did not had an experience of critical evaluation of experimental 
results and Blondlot had trusted them and gave them the responsibility of 
independent observations ( Gratzer, 2000) 
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The Case of Polywater 
 
Polywater was first noticed by a Soviet Union physicist, Nikolai Fedyakin, who at that 
time (around 1961) was working in a secluded industrial city, Kostroma, at a small 
government research laboratory. At the time he was interested in Lord Kelvin‟s 
observations on the behaviour of water in droplets, especially with regard to 
evaporation and condensation. When Fedyakin went in a different direction, 
maximising the surface area for a certain volume by condensing the water in, or by 
forcing it through, some extremely fine glass or quartz capillaries, instead of just 
looking at the droplets. That was when he noticed  that the condensed water had a 
rather higher viscosity than the regular one, and after several tests he also noticed 
that it had  a higher boiling point and a lower freezing point (-30 degrees Celsius) 
(Gratzer, 2000).  
In 1962 after Fedyakin published his results in the Russian journal Kollodniy Zhurnal 
[19], another Russian scientist, Boris Derjaguin, a highly respected physical chemist, 
who was an expert in surface properties and had a large and internationally famous 
laboratory at the USSR Academy of Sciences in Moscow, noticed Fedyakin‟s 
discovery and started improving the methods regarding the production of this water. 
Besides Fedyakin‟s observations, he added that the strange condensed water had a 
higher density and a quite increased thermal expansion. At this point Fedyakin just 
disappeared from the scientific world completely, never to be heard of again 
(Gratzer, 2000). 
As in the West this strange water, referred to as „anomalous water‟ or „water II‟,  did 
not seem to grasp any attention, where its structure could have been analyzed by 
the use of modern methods not yet available in Russia. Derjaguin tried to introduce 
this „anomalous‟ water by publishing a paper on it in 1966 in the London- based 
international journal Nature, but failed after his manuscript got rejected due to his 
sloppy experiments during which the samples were not handled well enough to 
eliminate impurities (Gratzer, 2000). 
However, not too long after his failure, Derjaguin using his great oratory skills by 
undertaking a lecture tour managed to get the attention he was looking for from 
19 
 
Western Europe and United States. And especially, by grasping the interest of John 
Desmond Bernal, seen in the field of molecular physics as a greatly respected figure, 
at that time Professor of Physics at Birkbeck College where he had a research group 
mainly focused on molecular structure studies, including the structure of water. 
Bernal – a passionate communist- was an admirer of Soviet Union‟s science, 
wanting it to prosper and as he was quite persuasive and had an extended group of 
friends, it was not hard for him to push forward Derjaguin‟s discovery (Gratzer, 
2000). 
At this point Derjaguin advanced with his measurements of the physical properties of 
his product, noticing a high refraction index. Another discovery was made when he 
measured the molecular weight, which seemed to be 180 g/mol (ten times the 
molecular mass of ordinary water), this led him to believe that he was analyzing a 
linkage of approximately ten water molecules. In the same time he had to fight 
against all the criticism he was receiving regarding the impurities, that in fact he was 
just studying heavily contaminated water (Gratzer, 2000). And he had arguments to 
deny that, based on his observations during his measurements, by even doing some 
preparations that were supposed to sustain his arguments. But it might be believed 
that the methods used were quite outdated as at that point the laboratories in the 
Soviet Union did not possess the advanced technology Western Europe and 
America had. For example, he excluded the presence of the impurities by doing 
some preparations using a glass-blown apparatus with no greasy stop-cocks 
together with two nitrogen traps meant to condense any volatile substances, 
basically a distillation system, therefore not that trustable (Gratzer, 2000). 
Apparently not long after all the above mentioned, chemists and physicists from 
Western Europe (Germany, Great Britain) and United States started their own 
experiments, trying to reproduce Dejarguin‟s phenomena, using of course 
spectroscopic and other modern techniques in their measurements. The impact was 
so massive that over 500 papers have been published on the matter and that even 
Fisher Scientific Corporation ended up running out of desiccators. Nevertheless, the 
interesting thing was that numerous American researchers actually managed to 
successfully reproduce the Russian‟s work, even his linkage theory was more or less 
validated, the substance receiving the name of polywater. These results have been 
published in the American science magazine Science [20]. 
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However, by the early 1970s spectroscopic analysis of water showed the presence 
of silica and other impurities, Dennis Rousseau from the Bell Telephone Company‟s 
laboratory in New Jersey published a report in Science which stated that polywater 
samples contained anywhere 20 to 60% of foreign substances in about the 
proportion found in sweat [20]. Between 1970 and 1971 a lot of groups started 
noticing a lot of other different impurities in both the preparations in glass capillaries 
as well as in quartz capillaries. These impurities were contaminations introduced 
during the sloppy practice, like sodium acetate formed probably after the glass has 
been washed with ethanol which probably oxidised to acetic acid managed to 
remove sodium from the glass. Also by closing the capillaries using an oxyacetylene 
flame, sodium acetate could have been formed. When it came to the quartz 
capillaries, the contamination had more of a physical origin than a chemical one, as 
which in contact with water their walls tended to shed some granular material 
(Gratzer, 2000).   
Derjaguin reacted sadly and wrote that he would not have wasted his nine years 
working on an artefact (Gratzer, 2000). It was clearly a case of self-deception and 
delusion as he was denying the existence of the impurities though the criticism 
received during his publications was pointing their obvious presence. In the same 
time the aspects that are describing a pathological science present: many 
measurements were necessary because of the low statistical significance of the 
results, criticism was met by ad hoc excuses, the ratio of supporters to critics raised 
up to 50% and fell to forgetfulness, the claims of great accuracy made by the 
scientists that have been testing the polywater. But nevertheless, the scientific 
community continued treating Derjaguin with understanding despite his mistakes.  
By 1975 the case ceased to be considered, almost being completely forgotten. It is 
interesting to see the impact it had on the society, not only on the scientific 
communities. Polywater being a source of inspiration for writers: in the novel Cat‟s 
Cradle by Kurt Vonnegut, in the thriller novel A Report from Group 17 by Robert C. 
O‟Brien, in two Star Trek: The Original Series episodes : The Naked Time and its 
sequel The Naked Now [15]. The press, of course, used the case for self-
advertisement and even the Army started considering the military usage of the 
polywater (Gratzer, 2000). 
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In this case, when it comes to Kuhn‟s theory it is obvious how it starts like a normal 
science, it goes through a crisis and to a potentially revolutionary science, as though 
the polywater was not a success as it never existed, another discovery was made 
that was not known so much about at that point, or at least has not structurally been 
analysed, the colloidal mixture silica-water and its properties. It can also be 
concluded that the case went through a demarcation process. 
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In the following part we will try to find the common reasons why delusion and self-
deception happened. We took in consideration those aspects: Historical, 
psychological causes, as well the competition in science.   
Competition in Science 
Competition in science plays a great role, which speeds up the scientific progress. 
Competition sometimes can seem like a race to achieve goals faster than other 
laboratories, to be famous and reputable, to get funding. Competition had also a 
great impact in our chosen cases.  
 
N-rays: 
Historically, France was one of the most competing countries in science, therefore 
scientists were pushed to invent or discover something new. After the discovery of X-
rays, in Germany, everybody believed that there should be some other radioactive 
rays and many scientists wanted to be the first to discover them in order to gain 
respect in the scientific community. At this point started the era of pathological 
science, with N-rays being one of the first and most famous cases. The thought of 
discovering something new and becoming famous, put Blondlot into the position 
where he would believe his discovery no matter what. He still wanted to be the 
discoverer and show the world that it was him who found N-rays and prove it, despite 
all the critique he received. Even when R.W. Wood removed the prism and the result 
was still seen, Blondlot still believed in his observation. However, this research did 
not have any high impact on his career, he continued to work for Nancy University as 
a professor, but retired a bit earlier than expected.   
 
Polywater: 
As polywater was discovered by russians and the news about it spread quickly all 
over the world, many scientists wanted to reproduce the experiment and develop the 
theoretical and experimental background of polywater more widely. The research got 
a lot of attention from the press due to its popularity, polywater was even called ''as 
the most dangerous substance on earth'' as its properties were so unusual. 
Everybody was racing to see who will research and publish more on this important 
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topic. There were over 500 papers published and approximately 400 scientists were 
racing for the best results [21]. It led to nowhere when it was found that the 
properties of polywater were just impurities caused by the experimental procedure.  
Mistakes and Errors  
All scientific research is susceptible to error. Sometimes data can be confusing and 
very uncertain, this makes interpretations extremely difficult. Experimental 
techniques are often pushed to the limits, in some techniques it can even be difficult 
to separate the signal from noise, this can lead to misinterpretation of the result. 
Irving Langmuir distinguished the main properties of pathological science, one was 
that the cases of pathological science measure results at very low detectability, this 
can also lead to delusion. Of course, sometimes scientists need to take risks in order 
to explore some new ideas, they rely on theories that might not be fully developed. 
This happened in the case of N-rays, where Blondlot without developing theoretical 
and experimental framework, started the experiments that got him some result. He 
right away made a conclusion that he captured new rays called N-rays, without 
thinking about other possibilities that it could be something else. Blondlot was also 
not aware that his assistants were not trained properly in order to make a critical 
evaluation, he gave a full responsibility to them, who might wanted to please their 
teacher therefore the result was facing a delusion.  
The same errors apply to the case of polywater, as researchers did not take in 
consideration that the properties of water they found in polywater could just be the 
impurities. They continued their work even after they got critic to check if there is no 
possibility that quartz capillaries could contaminate their samples. Later when 
spectroscopy techniques were widely used in science, it was concluded that 
polywater is just regular water, which is contaminated with colloidal silica.  
These two cases are based on errors by negligence, when carelessness and 
inattention led to faulty results and did research that does not meet the standards. 
Researchers who are not aware of negligent mistakes put their reputation and work 
of their fellow colleagues at risk. When more cases like these two happen, science‟s 
reputation is put at risk as well, as people become more sceptical and critical to  
scientific research, which leads to less confidence in science by the society.  
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Historical Point of View 
Another important role in how science is developing would be the historical context 
(and as subcategories to it: political, geographical, social contexts) in which research 
is taking place. It can be speculated that the desire  of a country to prosper has also 
an impact on how the scientific communities behave, at what pace they are 
advancing. And it can be said that most of the countries have been always looking to 
reach a higher level of development at a fast pace in order to show dominance in 
relation with other countries [22].  
In the case of the N-rays, France was going through the Third Republic phase. It is 
important to know that during this period France was still trying to recover after the 
war with Prussia, even though this took place thirty years (July 1870-January 1871) 
before Blondlot discovered what was supposed to be the N-rays. During this war 
France had to surrender which apparently left quite a powerful scar on how the 
society was behaving at that time, the nationalistic feeling put quite an imprint on the 
culture and technology. Basically, the French intellectuals were not hiding at all their 
superiority as a culture whenever they had the privilege to do it, the critical caution 
being almost non-existent. And it was really hard for them to stand all the German 
and British successes in physics and chemistry. Especially that at that time it 
seemed like the field of physical discoveries was kind of reaching completion, finding 
it hard for the scientific communities to conceive what more could be discovered 
(Gratzer, 2000). 
It is known that the N-rays appeared not long, in fact not even a decade, after 
several other important discoveries from the neighboring rival countries, like for 
example: the X-rays that were discovered in 1895 by Wilhelm Röntgen in Germany, 
the electrons discovered in 1897 in Britain by J.J. Thomson. And also an important 
discovery on France‟s territory regarding radioactivity, by Henri Becquerel in 1896 
(Gratzer, 2000). 
This discovery leads to another connection regarding the context in which the 
discovery of the N-rays was made, as how young scientists from different 
universities from provincial centres as Nancy (influenced by the Prussian annexation 
of Alsace), Toulouse and Lyon were trying to come up with something revolutionary 
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in order to reach the universities from Paris, especially Sorbonne where the research 
facilities were quite advanced (Gratzer, 2000). 
Apparently Blondot had quite a lot of reasons to be pressured from these points of 
view into coming up with a revolutionary discovery, together with his background, as 
his father was a well-known physiologist, lead him to be a victim of self-deception. 
In the case of polywater, the Soviet Union played an important role in how things 
developed in the case of this discovery together with the rivalry between the Union 
and America. Rivalry that can also be seen in this case based on how a lot of 
American research groups have started working on its analysis and reproducibility, 
as this discovery would have been a very powerful tool for military purposes. 
Especially that in the period polywater was discovered and studied 1961-1974 the 
Cold War was still taking place.  
It is known that during the  that  period the  Soviet Union existed, an important role 
has been played by science and technology, a lot of discoveries were made in this 
period and quite a lot of fields like physics, chemistry, mathematics, biology etc. A lot 
of Soviet scientists received Nobel Prizes not long before the discovery of polywater 
and during it. For example in 1956 Nikolay Semyonov got the first Nobel Prize for the 
Soviet Union in the field of Chemistry, in 1958 Pavel Cherenkov, Ilya Frank and Igor 
Tamm for discoveries in Physics, in 1962 Lev Landau for theories regarding the 
condensed matter, in 1964 Nikolay Basov and Aleksandr Prokhorov for 
fundamentals in quantum electronics. Another aspect regarding science in the Soviet 
Union is that it was more or less completely controlled at a very strict degree by the 
authorities, therefore everything had to be ideologically correct [16]. Also based on 
this it can be said that it is still to deal with a cultural and nationalistic factor [22].  
A difference between the Soviet Union‟s polywater and France‟s N-rays would be 
that, in the second case it is a nationalistic sense appeared under the some sort of 
inferiority, felt by the French society. When in the case of the polywater, it was a 
nationalistic sense more or less driven by the strong scientific culture the Soviet 
society had, fact that can also be speculated from the number of Nobel Prizes got by 
the scientists at that point.  
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In the same time somehow in that period of time the Soviet Union was still trying so 
to get over what happened with Trofim Lysenko, a poorly somehow educated 
biologist and agronomist, who in the early „30s he has been trying to introduce some 
new biological theories that were supposed to be against Mendelian genetics. His 
theories were a lot influenced by the ideology at that time that was supposed to 
prove no matter what that theories used by the Soviet Union were superior to the 
ones used in the West [22]. Lysenko‟s theories were completely wrong, in that period 
was committed a lot of fraud and misconduct, internationally giving the Soviet Union 
a bad reputation. Therefore it can be speculated that the Soviet Union might have 
been dealing a bit with a nationalistic factor out of a sense of inferiority. And the 
polywater case would be an example of how a scientist tried to restore the reputation 
of his country. 
  
Psychological Point of View  
 
Delusion and self-deception have been a constant topic for psychologists in their 
attempts to find out how the human mind works in these instances and a lot of 
theories have appeared over time. According to behavioral and brain sciences these 
two phenomena are very complex and the reasons behind them are subjective. It is 
hard to trace a border between them [17]. 
In the section Introduction we introduced the Oxford based definitions for delusion 
and self-deception, both of them have as a basis the belief, it can also be said that 
they are both very, but they can be considered some sort of anomalies that are 
affecting ones belief. 
 From a psychological point of view self-deception and delusion are governed by 
one‟s „self‟, the nature of the individual and the way in which they perceive reality. In 
both cases there is a strong affect-motivation-belief relation, and these can be 
influenced by a lot of external factors. Both can be seen as pathologies of belief, 
though it is hard to strictly point out these beliefs, they seem to deviate from the 
normal beliefs [17]. 
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By looking at the two cases discussed here, N-rays and Polywater, one major reason 
for the scientists to experience delusion and self-deception was pressure, fear of not 
keeping up with the dynamics of the scientific communities in which they found 
themselves. For example in Blondlot‟s case it was the pressure coming from his 
father, who was a well-known physiologist, the fear of not keeping up with his 
expectations probably, and with his father‟s reputation. At the same time it was the 
pressure coming from the French society at the time and also in relationship with this 
animosity more or less towards the German and British societies. 
It can be speculated that in Derjaguin‟s case, pressure can also be blamed. In his 
case it was the pressure that he already had a reputation to maintain, especially in 
the soviet times. But another reason would be the belief, for example Bernal‟s 
communist beliefs, that were affecting more or less their judgment. Again when it 
comes to communist beliefs a good example in the case of science would be 
Lysenko‟s theories. But it can also be taken in account the pressure that came from 
trying to make the Lysenko incident forgotten more or less by coming up with new 
big discoveries. 
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Discussion 
 
Consequences 
The consequences for the pathological science can be quite drastic. It can affect 
scientist's career path, it can also be financial loss, as well as psychological damage 
for the researcher. As so many papers get published on one subject, in the case of 
pathological science, when the research was found to be not true, a lot of money has 
been wasted during those years when the research was made. It has also a great 
impact on other scientist's future as they spent a lot of time and money on 
reproducing the results of things that are not so. Finding breathtaking theories has 
an impact on the society, if, for example, it is said that new cure is found for the 
diseases that do not have any cure at the moment, people get excited. After some 
time it is found that it was just a delusion, society loses its hope on research and 
science. We can see that pathological science can have quite many different 
consequences and it involves both science and society.  
 
Diamond has written about how pathological science specific cases influenced 
further scientists' career [5]. It was found that people who were involved in the case 
of polywater, who were for or even against the finding of the ''new water'', their 
career paths were not that successful after all. Most of the researchers published 
fewer research papers on any other topic than their fellow colleagues who were not 
involved in ''bad science'' cases. It was also calculated that those scientists had 
fewer future citations that could have led to a lower salary in a state university.  
 
The consequences for N-rays case were not that drastic. This case became the main 
example of pathological science and showed which are the dangers of errors 
introduced by experimenter‟s bias. People quickly forgot this case and even people 
in Nancy, do not know who Blondlot was, besides the fact that there is a park named 
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after him. Even though Blondlot believed in his discovery of N-rays until his death in 
1930, it was still considered as pathological science as nobody else could confirm 
that N-rays are real.  
As there is not much done after it is figured out that the research was frauded or had 
some information that has been misinterpreted, scientists are not aware of 
consequences.Even nowadays some scientists take a risk and fraud the result, in 
order to become famous or to get better working place. Many cases are still not 
solved and not many people admit what they did. By introducing prevention 
mechanisms there should be also laws and definite consequences involved in order 
to lower the number of cases happening nowadays.  
 
To understand better how the pathological science works we have tried to look at 
delusion and self-deception from several angles, if they could be called that way. 
Maybe an even stronger understanding of it would be on how the errors and the 
mistakes are influencing the cycle of science development in relation to normal 
science and revolutionary science. How in between we have our pathological 
science that can be under a lot of forms, like fraud, misconduct and our subject 
delusion and self-deception. Based on the prevention mechanisms and their results 
over the time it can be more or less speculated that during the history there are a lot 
more cases of fraud than delusion. As this project has been trying to show, this 
reason is due to the factors that influence a scientist‟s behavior. It can also be 
discussed the fact that it is a rather thin line between the two types of pathological 
science.  
 
It can also be said that cases of delusion and self-deception have a broad spectrum 
when it comes to where they are happening. As it can occur not only in chemistry or 
physics as we have presented, but also in other scientific fields, like for example in 
Lysenco‟s case, in biology. And it has a broad range when it comes to time as well. 
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Prevention Mechanisms 
Although these will always be people who misinterpret results and data, those who 
believe in disputable theories and those who do something that is inappropriate and 
unethical in science, we can still try to prevent this from happening. As both cases 
introduced above happened more than 20 years ago, there was not much done to 
prevent research from bad publications. As the world develops, the requirements for 
researchers are getting higher. The modern publication mechanism is: 
● The person submits manuscript to a publisher. 
● The paper is then sent for a peer review, where recognized scientists check 
the content of the article.  
● The reviewer provides comments for the author for modifications. Manuscript 
can undergo one or more rounds of editing until the editor is satisfied with the 
work and accepts it. 
● The paper is later submitted for copy editing. 
● The paper is then ready to be printed in a journal. 
The most important part in the publishing mechanism in terms of prevention is peer 
review, this step is an indirect guard against plagiarism, as reviewers are usually 
familiar with the research content of the paper. The peer review is also useful tool to 
control the quality of publications as a paper is not accepted until the author corrects 
it.  
 
There are still cases when a scientific paper gets published, but after some time it 
gets extra attention if the information raises doubts. The paper can get attention from 
a country's committee for scientific research that starts an investigation. The 
committee responsible for fair science in Denmark is called Danish Committees on 
Scientific Dishonesty, that consists of three committees each responsible for its own 
area. These three committees cover almost every field of science: Health and 
Medical Science, Natural, Technological and Production Science, Cultural and Social 
Science. A complaint made to the committee about misconduct in research is 
considered by the committee under which the research field belongs. Each 
committee has 6 recognized researchers as members and 6 alternates, who make a 
verdict on specific cases and the full committee is informed about the investigation 
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outcome. The Danish system for handling misconduct in the science is broad and 
serious and all cases are investigated carefully. 
If the paper investigated was found to contain any traces of misconduct, 
misinterpretation of results, etc. it is retracted from a journal. There is a tendency 
seen that more and more scientific papers were retracted during the past few years. 
The famous journal Nature reported that only about 30 retractions were made 
annually in the early 2000s, while in 2011 there were over 400 retractions made, 
even though the total number of paper published has risen by only 44% over the 
past decade. This trend shows that the system became more responsive to 
dishonesty in science. However, the misconduct in science that covers plagiarism 
and falsification of results makes 44% of papers retracted, while honest error, which 
also covers delusion and self-deception, made 28% of all paper retracted [6]. As the 
scientific society pays more and more attention to duplicity in science there should 
be seen less papers to get published that contains any kind of misinformation, which 
could follow to further misapprehension.  
 
We could think back and see what prevention mechanisms there were back then 
when those two cases happened. The only review scientists got, was the opinion of 
fellow researchers and editor of the journal. The lack of external evaluation could 
also be one of the main problems why delusion happened. Maybe if the modern 
prevention mechanism with peer review, committees and retractions would have 
been functional back then, fewer cases would be known for now.   
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Conclusion 
In this project we have tried to focus on the term pathological science and especially 
on two components of it, delusion and self-deception. In regard to these two cases 
from the history were picked and analyzed, N-rays and Polywater. 
 
One of the  main focuses was to figure out how to distinguish pathological science 
from normal science, looking at it from the point of view of  the demarcation criteria, 
presenting Popper‟s and Laudan‟s views. In this regard we have tried to look over 
the ethical norms of scientific behavior and how a hypothesis is being tested.  
At the same time some attention was focused on Kuhn in order to see if the 
pathological science is in any way connected to his cycle regarding the development 
of science and to see if there is a connection between the pathological science and 
the normal one. Information which led to the conclusion that in the end, pathological 
science can be a potentially revolutionary science that did not manage to survive, 
therefore also non-cumulative. Looking at the cases has been noticed that, the 
polywater event was a potentially revolutionary science which started as a normal 
science going through also somehow a demarcation process, which led to new 
studies on the colloidal mixture silica-water leading somehow to a new normal 
science. When it comes to the N-rays event, it can be seen only as the hope of a 
potentially revolutionary if the demarcation process would have not rejected the 
existence of these rays. 
 
Another focus was to look over the consequences of delusion and self-deception and 
the possible reasons behind them by looking at them from a historical (the period of 
time in which everything took place), geographical (the countries where the events 
took place in), political (under which regimes the countries were at those points in 
times) point of view which led to the belief that these aspects played an important 
role. It has been concluded that in the case of the N-rays, the fact that France was 
during its Third Republic period, together with the Franco-Prussian War, the 
mentality of the society at that point led to Blondlot feeling pressured. Together with 
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the Soviet Union‟s ideology and the society‟s mentality that had to recover after 
Lysenco‟s failure, rivalry between it and America, the Cold War which was 
influencing the relation between army and science.  Another point of view discussed 
was the psychological one together with the main influence of the earlier mentioned, 
has been established that the psychological reason that led the scientists to become 
victims of these two pathologies of beliefs were mainly pressure and fear in different 
forms. Similarities have been established in both cases, like for example the fact that 
in both situations the nationalistic sense played an important role. 
 
One more focus of the project was to look at what is/was done in order to prevent 
and control misunderstandings in science and why it did not work. This has been 
approached by looking at the mechanism of publishing a paper, the existent 
committees that are supposed to detect pathological science or, in this context, bad 
science (like for example the Danish Committee of Scientific Dishonesty) and if there 
are any mechanism of prevention regarding pathological science which led to the 
conclusion that it mostly depends on the scientists‟ sets of norms and beliefs (moral 
duty) regarding the research.  
 
It has also been discussed the consequences of the pathological science on the 
society, how delusion and self-deception can cover a lot of fields in science, not just 
chemistry and physics as in the examples we have chosen to present. Also has been 
discussed the relation between pathological science and normal science, the thin 
line between the types of pathological science: misconduct, fraud together with 
delusion and self-deception It has been notice that the cases of delusion and self-
deception until present were fewer than the ones regarding fraud. Another aspect 
touched was how the ways in which the scientists were making their discoveries 
public, mainly through the scientific journal Nature, which is still playing an important 
role in the scientific communities. 
 
It can be concluded that pathological science, delusion and self-deception, will not 
cease to exist. But compared with the periods when the two cases were recorded 
exist more prevention committees, ways of identifying this type of science. It is the 
scientist‟s moral duty to have a good behavior regarding the research work, by 
verifying and being open to critique. 
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Appendix: 
Ethical principles of scientific research [4]. 
● Honesty: Honestly report data, results, methods and procedures, publication 
status, research contributions, and potential conflicts of interest. Do not 
fabricate, falsify, or misrepresent data in scientific communications, including 
grant proposals, reports, and publications (Pellegrino 1992, Resnik 1996a,b).  
● Objectivity: Strive for objectivity in experimental design, data analysis, data 
interpretation, peer review, personnel decisions, grant writing, expert 
testimony, and other aspects of research where objectivity is expected or 
required.  
● Openness: Share data, results, ideas, tools, materials, and resources. Be 
open to criticism and new ideas.  
● Confidentiality: Protect confidential communications, such as papers or grants 
submitted for publication, personnel records, business or military secrets, and 
records that identify individual research subjects or patients.  
● Carefulness: Avoid careless errors and negligence; carefully and critically 
examine your own work and the work of your peers. Keep good records of 
research activities, such as data collection, research design, consent forms, 
and correspondence with agencies or journals. Maintain and improve your 
own professional competence and expertise through lifelong education and 
learning; take steps to promote competence in science as a whole.  
● Respect for colleagues: Respect colleagues, students, and subordinates. Do 
not harm colleagues; treat them fairly. Do not discriminate against colleagues 
on the basis of sex, race, ethnicity, religion, or other characteristics not related 
to scientific qualifications. Help to educate, train, mentor, and advise the next 
generation of scientists. 
● Respect for intellectual property: Honor patents, copyrights, and other forms 
of intellectual property. Do not use unpublished data, methods, or results 
without permission. Give credit where credit is due. Do not plagiarize.  
● Respect for the law: Understand and comply with relevant laws and 
institutional policies.  
● Respect for research subjects: Show proper respect and care for animals 
when using them in research. Do not conduct unnecessary or poorly designed 
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animal experiments. When conducting research on human subjects, minimize 
harms and risks and maximize benefits; respect human dignity, privacy, and 
autonomy; take special precautions with vulnerable populations; and distribute 
fairly the benefits and burdens of research. 
● Stewardship: Make good use of human, financial, and technological 
resources. Take care of materials, tools, samples, and research sites.  
● Social responsibility: Promote good social consequences and prevent bad 
ones through research, consulting, expert testimony, public education, and 
advocacy.  
● Freedom: Research institutions and governments should not interfere with 
freedom of thought and inquiry. 
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